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Uric acid and Kidney Disease 

• Urate nephropathy...progression of CKD 

• Acute Uric Acid nephropathy 

(precipitates in tubules).. ..in malignancy 

• Uric acid nephrolithiasis (5% of kidney stones) 








To Be or not to Be The Chicken Or The Egg 
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To Be or not to Be The Chicken Or The Egg 


Uric acid causes 
CVD, CKD, HT..? 
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Uric acid doesn't cause 

CVD, CKD, HT 

BUT might be associated 


Kanbay et al. Blood Purification, 2011 



To Be or not to Be The Chicken Or The Egg 



One of the most important diffuculties to relate uric 
acid as a pathogenic factor in HT, CVD and CKD is the 
abundance of other potential confounders 



Kanbay et al. Blood Purification, 2011 
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high uric acid levels might have a role or is an 

independent 

factor for hypertension, cardiovascular 

disease and also for CKD. 
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Uric acid is independent risk factor RR 1.41 (Cl 1.23* 1.58) 
(18 prospective studies, S5,607 subjects) Arthritis Care Res 2011; 
63:102-110 

Hyperuricemia is associated with an increased risk for 
incident hypertension, independent of traditional hypertension risk 
factors 
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Meta-analyses for HT Incidence 

Uric acid is independent risk factor RR 1.41 (Cl 1.23* 1.58) 
(18 prospective studies, $5,607 subjects) Arthritis Care Res 2011; 
63:102-110 

Hyperuricemia is associated with an increased risk for 
incident hypertension, independent of traditional hypertension risk 

High serum uric acid level 
predicts the development of 
J HYPERTENSION 

The uvcicm i oiv iui iiiuuciu nypci iciiaiuil 

increased 13% per 1 mg/dl increase in 
serum uric acid level 
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EpMMMotofy of Urk AckS and ctuontc KMr>fy 


Kang. Kanbay and Johnson. 2012 
Diseases & The Kidney 
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EpMcraiotofyofUiXAdd and Chronftc Kidney Dtoeas* 


Kang, Kanbay and Johnson, 2012 
Diseases of The Kidney 


,<w 

2009 

1 77.370, IAKQ5 

74tt*rt mtc Kid qomtOr cmkrrra 2 U lgldlCRvd 

rak of t$MD cw 23 rejrs < ♦ ) 

Ohrmuyt 

200* 

21.997 sv*u MakJt VnmBi 

I nc jcSd > 7 a^fUl ftorjrJ m2 al CXD 1 74 L*d » 
mb. J l24eAd to women <»> 

■W*tnrr 

2006 

1 1.1B. AOC 

CjcX 1 m^Ail Imnrxv m vftc jc Id tnouar n* cf CXD 
TVIIt 

brki 

2001 

6909. Otetm Cmtol Hukh 

Unc jlv 3 >ft UBCBrj r C»CD n* ) k«d (ft mxn ml 

IO»loid fti mbo) (♦) 


2009 

* 

CkvBrd kft: add millnl »9fc 2 03 laid >nr«d m2 
of CXD Ba h/rtratw » r o(» > 

Clam N 

3009 

2996. ftiftJM HatftUl OHM 

LBrX a-nrftM wrx Jtii Jftd drfr' cf C <D ( * ) 

chm V 

2009 

3722. tMprt UMttfh Motpli 

trie Jdd » Oftri • -A |ptr . drrrt C r> m Akrti i • ) 

park 

2009 

134, taun URtmftty 

LMc jnd > 7 Bftf concUie mil or aphj drcbir m * 
ndnd BEiul bnwi n prracahuil i-iutpaft paura«*< • ) 

*— 

200ft 

227. UUKDUadf 

Unc x*i ptngard pffi.ft of CXD calf m mtnifu xr J 


2007 MO 


Mud? 


OO(-) 


>7 7 ad>J la m 
mtfwakty 

<-) 


>6 6 mgr4t ta 


mo Nxuul Je 


ruwwtMO 


CXD V* 

l(-) 












The Gout Epidemic 



Mean uric acid (mg/dl) 
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Serum Uric Acid in Adolescents with 

Hypertension 

• 125 consecutive referrals involved with 
hypertension 

• After hypertension work-up the diagnosis 
were; 

• Primary hypertension: 50% (n=63) 

• Secondary hypertension: 32% (n=40) 

• White-coat hypertension: 18% (n=22) 

Feig and Johnson. Hypertension, 2003 




Serum Uric Acid in Adolescents with 

Hypertension 



Primary Secondary White Coat Controls 
Hypertension Hypertension Hypertension 

N=64 N=39 N=22 N=41 

Mean ■ 6.7mg/dl Mean ■ 4.3mg/dl Mean • 3.Smg/dl Mean 3.< cr»Qj f dl 


Feig and Johnson, Hypertension , 2003 




Uric acid and Diurnal Blood Pressure 

riation|^^^^^^m 

• 112 new diagnosed primary HT and 50 healthy 
control 

• ABPM performed to all subjects 

• Aimed to look at relationship between the 
circadian blood pressure rhythm and uric acid 
level in patients with newly diagnosed 
essential hypertension 

Turak etai J of Chn Hypertension 2013 




Serum Uric Acid, Inflammation, and Nondipping Circadian 
Pattern in Essential Hypertension 
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UA, nigAIL 
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Control 1 Dippers 1 Non-Dippers 


The Journal of Clinical Hypertension 

Volume 15. Issue 1. pages 7-13, 2 NOV 2012 DOI: 10.1 1 1 1/jch. 12026 
http://onlinelibrarv.wilev.eom/doi/10.1 1 1 1 /ich. 1 2026/full#f 1 




Serum Uric Acid, inflammation, and Nondipping Circadian Pattern in 
Essential Hypertension 



Uric Acid, mg/L 
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What is the Role of Uric acid in 


Kidney disease? 
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Uric Acid: A Product of Purine 


Metabolism 


Purines 


Xanthine 


Xanthine oxidase 








Uric Acid 


Oxonic acid 


Urate oxidase (Uricase) 




Uric acid mg/dL 


Hyperuricemia Causes Glomerular 

Hypertension in Rats 


Uric Acid Glomerular Pgc 



Sdnchez-Lozada LG, et al. Am J Physiol Renal 2002; 283:F1105 




Hyperuricemia Causes Glomerular Hypertrophy 
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Nakagawa et al, Am J Neph 2003; 23:2*7 




Hyperuricemia Causes Glomerulosclerosis 




Nakagawa et al, Am J Neph 2003; 23:2-7 






Role of Uric acid in Renal Progression 


Remnant Kidney Model 




r ' 9M „„ , Groups: 

Nephrectomy | | 2/3 infarction 

•Sham 

•Remnant Kidney (RK) 

•RK + Hyperuricemia (RK-OA) (induced by 
the uricase inhibitor, oxonic acid) 

•RK -OA and Allopurinol (RK-OA-AP) 


Kang et al, J Am Soc Nephrol 2002; 13:2888-97 





Role of Uric acid in Renal Progression 
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Hyperuricemia Increases Renin Expression 


% Glomeruli with Renin 
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high uric acid increases renin expression, 
also increases renin release. If these rats 
treated with allopurinol expression and 
release of renin decreases 



Acute Cellular Effects of Uric acid 



Inflammation 

(MCP‘l) 


Angiotensin II 
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Hypertemton 2003; 41: 1287-93 K»dn«y Int 200S; 267: 1739-42 
Am J Physiol 2002; 282; 1991-7, JHypertrftt 2010; 28: 1234-42 




Nakagawa et al, Am J Physiol 2006; 290:F62S-63l 



Allopurinol Prevents BP Increase in 

Hyperuricemic Rats 
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Based on these experimental studies: 

• High uric acid may have a role in the 
development of hypertension and chronic 
kidney disease progression. 

What about clinical studies? 


Allopurinol a New 
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Ini Urol Hepiiml. 2007:39(41:1227-33. Epub 2007 Aug 15. 

Effect of treatment of hyperuricemia with allopurinol on blood pressure, creatinine clearence, 
proteinuria in patients with normal renal functions. 

Kanbay M ~ . Qzkara A, Selcoki Y, tsik B . TorgutF , Bavbek N , UzE , Akcay A , Yigitoglu R. Covic A . 


Allopurinol Decreases Blood Pressure 

* 48 hyperuricemic and 21 normouricemic 
patients all of whom were asymptomatic and 
had normal kidney function at the start of 
study 


All subjects followed for 3 months 



Ailopurinol Decreases Blood Pressure and 
Increases Glomerular Filtration Rate 
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Allopurinol Decreases Blood Pressure and 


Increases Glomerular Filtration Rate 
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Allopurinol Decreases Blood Pressure and 
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Increases Glomerular Filtration Rate 
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CONCLUSION: We bring in< 
hyperuricemia may preventt 

tired ev derce that 

hyperuricemia increases b ood pr 

essure. and decreases G : R. Hence, management of 

.he progression of r 

ena disease, even in patientswth 

norma rena fund on, suggest ng that ear y treatment 

will] allopur nol 

should be an 

i important part oft 

le management of chron c kidney 

sease (CKD) patients. Long-term to ow-up studies 

are warranted t 

a deify the 

benefits of uric acit 

management on rena function a i 

id hypertens on. 
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I fleet of AlUipurhtnl in Chronic Kidney l)l«C4»c rrogrr^elon 
and CardiovjMular Ki%k 

KWimi 1 k^amhM. WitolM.,1 i^rru d# Vmim, I mii VmUlb« C jmlttl Kuue^ra, 

Jam Ainfumi, Abr^hAtn KitwOn, Ui%kl Arroyo, And F*w I uA« 


• 113 CKD patients (eGFR<60 /ml/min71.73m2) 

• 50 CKD patients were started allopurinol, 63 control 
group 

• Followed for 24 months 

• Aimed to look; 

/- renal disease progression , 
ii- cardiovascular event 
Hi- hospitalization 

• No differences between groups regarding clinical and 
laboratory parameters at baseline 

Gotcoecftea et s> CJASN2010 





Effect of allopurinol in UA levels and renal function estimated by MDRD-4 



Uric Acid (mg/dl) 

P 1 

;GFR° (ml. min per 1.73 m") 

P 2 

Control group 





Basal 

7.3 ± 1.6 


39.5 ± 12.4 


6 months 

7.0 ± 1.6 

ns 

37.2 ± 14.3 

ns 

12 months 

7.4 ±2.0 

ns 

35.6 ± 13.4 

ns 

24 months 

7.5 ± 1.7 

ns 

35.9 ± 12.3 

ns 

Allopiuinol group 





Basal 

7.8 ±2.1 


40.8 ± 11.2 


6 months 

6.2 ± 1.5 

0.000 

41.1 ± 12.9 

ns 

12 months 

6.0 ± 1.8 

0.000 

41.1 ± 13.2 

ns 

24 months 

6.0 ± 1.2 

0.000 

42.2 ± 13.2 

ns 


a E* = 0.016 between groups. 
b P = 0.000 between groups. 

P , differences in comparison to baseline period within each experimental group. 
P , differences in comparison to baseline period within each experimental group. 


Cardiovascular event-free 
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Allopurinol treatment; 


• Slows the progression of KIDNEY DISEASE 


• (WroauK f ARDIOVASCUI AR FVFNT 


Decreases inflammation 


patients with STAGE 3 CKD 


+ control- censored 


0 


10 


20 


30 


event time (months) 






,*. J * -» if% 


M M-y^v 


a. . y. . . y *. 

’•.-I !*.^_- T % Vn-* ♦ ' 

• 7 ’ *■* . !* .* * * i * 

^MaVki^ ’•* 


•tc>, 




d f li '• 

. ”7>' • 


.r.» V. *** fcAjt. ' 











* *4*p( ' -'.••'♦» y, ,^«s i’ I m t 

■ 

NV?f ’.** v». 


.vg-W Ws - 

* .». • *.•••-.• * ; R*.' * -V . 

*••..'« ’•• t . V v 1 ■ , ,v^ f k III* t '** ■ * • * f 

•wVi#* 1 . a. v»/ . ' vj - * *’• *** 

* v v - • -* i 








-•ik- * v> * 

r ! *. 


•* rift 1 
• ijrv 








*VA * V . -i •* I *. N v - 

y • $ A v. ijn tU ?Xr * 4 v> /- 

,U|il * . 4 , K,l 

• •• iJfKi *-' ;■ ", 


» •V'v' 


I'ai4*^ l -I V * 

• >>• 

*_< <\*A , M »4 I 


‘ • 

"•-wV ». -“»V- 

'* I' i’-.f* — . . . 

r^V' 






- “ S«T- 1. 








* ! r # . 


* ^ y 


«2f A •• « V * >« 4 •* * . ' ' 1 I 1 * • * ^1 « • T ' <. r •» -I •* 

ic *&--*•! I ;* , • . 4 &U.+-J- «»f. 

*• . , . •*': — . - - . - •• .... -• . , 




. 




VS. 




W 4 fry v ** 

r S i -«. ** .A 


.A, 






;*.i- 


* U dip' -*'+■4'* '*+•’*/* “* “• • \TjT^ 4 ' •* Ml t^r- * 

#• • 1 4 • • — Vi..W' •* ,V , ,iy,' r ' k IT II * I ttf'*! • • « 

'f > •’* * *♦ ^ « ‘ J 4 






* ’•>¥> Jl^J ^4 


• n -^T.y 




v> * * f i| 11 ** n 

>v *» 1 *.••" V 

» •..*•' |I—, -.■■*», _•■ * <• * V,* ^ |V'^ •' -,** • , *' ' ’ ' - \ >•« 

- •. - • • . 



V* 

- 


Y-- -/ * v * 

.J, ^ *ll 

- 3 » ! r 2 i vv cV ■ * '• ^ • iV- v '.' '- * tv^^wv. V«*t 

Mjt&k '* 

r f V.*< : - •••’ 








, *, JUfc* 4 . * J'VfWT, , ; *:* i V- ?•*- * ^ 

r • , » V • **y . ' vV * !,'5 


• • > 4 %y«.V 




•U ' 


i t » *; 4 . ^ •> . • , 

. **' * i • t 

• ! . • *- (TitA 



V ♦*4^' 

" H / ^ •* •• *• 




- ,V < • t**'"*'*^ # 1 * 

F-- — ^ 




7-**V* • V • - ** T V. . 

‘ * ^'» . -V* 

t i •• • • ' A i t j 

'1 ’i <r-» ,' 

•* »•—.<■%. •vvo 


VA-- 


,' ' • •/> -- ■ - 

- , - •»**!•, ,....• .A ■ 

,r*^* .t» . -*!.,■ ••• ' 

/, „ *1 -•• >•# , . , ' ^ . . 

••-. v ... . . 

k.’l -- , C 

Uaa* v '*i.t «V* •- 






ftiij **t • 
; ’K;,< 


;fr . 1 .'.*1 • ‘’V. . ‘•i 


fc * vllV * A4.4*Aj * 


f* ■ 17 • * « 


- .* «> 


:aW ! 


,*. \ 1 ' .*.4 tv *- * 

• rv ' ; V ■ 

■'-* * r V r t**inr 

Vi* :'V M • l 


V*. 


- - I . 4 . ;♦ - V ; ,r ’ i ^i. •*. 

4 ..r .. r I *~*' % ■+> ^ -- 

• ' j “-r • • •«•. • ♦ i . - - *. > ' k -’/ - 

; **v* ilT * ' *W4 *4!^' i 4 i: * > iL f • 

t • • .»» JL 4 , . *« I 

l * 4 . , . • 

<• r . . v> • :• ■* * 

■ t .r: ■ • !&■ . ..^ ; -l .. 




iii w 


'.^'•r. i v »■--«-•*• • 

«V . i 


- . — — » • ,% , r ■ - * - ' ■ 

'••*'}£ <--4 ^ . »4‘^ 

^,v..v4:u. 

, v' i . .it- ^.v, i - ■• .‘•y. . ■ v aI’a 




•’. • “W 


!• 4 ««» 




\* 


. m *aV Vi 


■i ^ *h. fv ^ t 4 _ * ,»y 




*S,V. 








F«^y. i* 


^.4 T : • 

• •*• , , IV* *^V4*U! 




vr 




* > 


*r 


>++* \ 
i .v -* . . •> 







Effect of Allopurinol on Blood Pressure: A Systematic Review and 

Meta-Analysis 

Vttnm Agvw* MO. MPM Her, Hon*. MD MPM r faru H UkvA fgO* 


PotrnlUty relevant aflklrt ulmliBrU and urrrfwd 
for retrieval (a • 70) 



Annul 

Rnm article* ( 15) 



2 

*> Siudct weh. altopunol u*c denuflod j 

i; 



Socc«ur(4 ptnorto paf <5 rtiihol 
Du m BiuJy/ed b> ikpuiid me < n ■ #»| 
Word hruwfMl recorded In « 4 ) 
txdution of (vit aiti v» th al lopernol duemf 
mdynt(n m 1) 


_i 

Stuifcc* «* liadrd la r I'rul {a m 10) 


i«»nl Iftih H« 

fl w pp i tix ohk<r\abiaul «i»Jv <n - 1 1 


Journal of Clinical Hypertension , 2012 





Effect of Allopurinol on Blood Pressure: A Systematic Review and 

Meta-Analysis 
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Allopurinol and Endothelial Function 


Table 3 S tudes storing the relaftonshe between reduction otf 
trie acid and improvement in endothekal function 
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• Hyperuricemia is an independent risk factor for development of 
hypertension, CVD, CKD 

• Hyperuricemia might be a PROGNOSTIC marker: 

• Uric acid is a strong surrogate marker to predict the 
development of future hypertension is an extremely valuable 
tool to mass screen and follow-up population subgroups at risk 

• Lowering uric acid agents might be 



• ^ In at risk populations, uric acid lowering therapy imay be associated with: 
I > Lower blood pressure 

> Lower rate of eGFR toss 

Reduce rate of development of Cardiovascular events 

• Uric acid is a strong surrogate marker to predict the 
development of future hypertension is an extremely valuable 
tool to mass screen and follow-up population subgroups at risk 

• Lowering uric acid agents might be 



Conclusion 


• ^ In at risk populations, uric acid lowering therapy may be associated with: 
M > Lower blood pressure 
> Lower rate of eGFR loss 

^ Reduce rate of development of Cardiovascular events 








Uric acid is a strong surrogate marker to predict the 


developme Limitations. 

: v 1*1 J > Small studies 

tool to mas r Q n jy moderate quality 

Lowering u ' Relatively short follow-up 

6 NOT ENOUGH EVIDENCE TO RECOMMEND 


uable 


sat risk 


Further studies are warranted... 
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